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J = k1|g11|4 + k2|g12|4 + 4|g11|2|g12|2 + k1|g21|4
+k2|g22|4 + 4|g21|2|g22|2 − 2|g11|2 − 2|g12|2
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2) − α|g11||g12||g21| = 0.    gFv:dv¥«ydVÁy»da;Î«dho:ad¬ vx©x{v¥»Qz©sz{;dr|O~;x©z{oqz©drm
0 < k1 < 2, 0 < k1 < 2, α > 0














































2) − α|g11||g12||g21| = 0
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p1(X, α) = 0
p2(X, α) = 0
· · ·
ps(X, α) = 0
f1(X, α) > 0 . . . fl(X, α) > 0
¯-HV²
»Qa;d:d











X1 = |g11|, X2 = |g12|, X3 =
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hiPi : h1, · · · , hs ∈ R[X, α]}
¯ HVy²
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P1, · · · , Ps 8
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V (P1, · · · , Ps) = {X ∈ Cn+1 : Pi(X, α) = 0, 1 ≤ i ≤ s}.
¯-HÎ²
  =  V (P1, · · · , Ps) K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(P1, · · · , Ps) ∩ Rn+1 8
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(n+1) −→ C ¯ HVy²
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(α) −→ (α, X1, · · · , Xn)
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n¥o:z{vy;xl¬ oqz©v;mQ¯ gt,Xi (T )
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  β = {X1 = X2 = X3 = X4 = 1√3}
4; 3;.= 
  $ 0 < α < 1 /.=  6K 
   . K 5   (=2 =   	0) (α, β) 
  $ α = 1 4;/.=@ 6K 





4 > 2/3 
  $ 1 < α <∞ . @( 76?(  ( $(2 6K   
  #  (α, β) 8
L´vnd¼oqvs~;mqdd8z{drOoqx©k3oqadh:vSdqoqz©drm¼v¬.Ïh:Ðt;dt;mqz©m¼z©yo:qvnn~wdr z{mpdV/o:z{vy ¸Ùn¸IHÁl»¼d
z©Ooq:vnn~;dho:ad¬ vx©x{v¥»Qz©3mpSdrz½ºScsvyvc3z}x(vy:ndrqz©Om¸
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Svz©Oo:mv¬·o:ad:drmpoq:z©oqz©voqv  ∩ R5 v¬¼o:ad8:vdroqz©vµvµoqa;d α ³´¥Ànz}m¸6do m"ndrvo:d8tlk JacX
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o:ad /Ovtz}Fndoqdrqc3z©;Ooª»¸ r¸ o
X
v¬ E ¸`aduqz{oqz}x6Svz©yom9v¬.o:ad;qvdr/o:z{vyFvo:ad α ³±Ànz©mqduz{wx©~;ndrz©¨o:ad8mpvyx{~no:z{vy;mhv¬¼oqad8mqklmpoqdrc Ec = {JacX(E), g = 0, g ∈ E} ¸ L±o"wdVmoqa;oo:admqknmo:dcÅndºwz{; Ec z}m Vrd:v³´nz©csdr;mqz{vy;x\¸enz{;do:ad l~cutwdrv¬9Svx©klvc3z}x}mz© E dr|O~;x©mo:adl~ctSdQv¬6z{wndo:d:csz©;oqdrmrÁloqa;dqz{oqz}xAwvyz{Oo:mQqdhdÀy/oqx©k3oqa;dh:vlvom¼v¬6o:az©mQmqknmo:dc=¯äc3v:d
do:z{x}m9twvy~noªmp~wamqz½o:~;¥o:z{vy;m9rtwd¬ vy~;ndVz{:GIHÎQJ ²/¸¼`aO~wmÁtlkvc3~oqz©ÏhqÐytdrQt;mqz©m
v¬ Ec »¸ V¸ or¸ <α,X ;x©klz{;I:vSvymqz{oqz©vOHÁÍvduvtnoz©;m Oc mªoqad8mqdov¬¼:drx7Vrd:vymv¬¼~;z©|O~dSvx©klvc3z}x
Pc ∈ Q[α]
¸I;vQvy~9mpknmpoqdrcÁn»ddo













o:a;¥o9mqvc3dv¬.oqadSvx©klvc3z}x}mv¬ F «Îz}mpavsdOoqz©qd8¯Mvc3x©dÀ;²vc3wvydOoQv¬ ¸I`al~;mrÁn»¼dr3x©vlrx©zVrd E ¥o ∏f∈F f
;3vytno:z{8mqklmpoqdrc E ′ »QavOmpd+Vrd:vym:d  \ {x ∈ C5, f = 0, f ∈ F}tlkµI:vSvymqz½o:z{vy^H; ¸[`az©mu«¥:z{dok¨:d:drmqdOomoqadmpc8x©x©drmpoux©drt:z©3«¥qz©dokµvOoz©z{;
x{xoqa;d¨t;a;drmv¬  ¯äz½oz}mo:aO~wmvOo:z{dV z© ²8¬ v»Qaz}a v;d¨v¬o:adµwvyx{klvycsz}x}mv¬
F z}m3z©dOoqz}x{x©k_l~x{x\¸D`adÍÁ¼»¼dvyc3~noqd PF tOk­~;mpz© E ′ z©;mo:dry­v¬ E ;Ävtnoz{ PF =
α(α− 3)(α− 1)(α− 2)(α + 1) ¸`adQdÀnx{z}z{o·vyc3~no:oqz©vsv¬Aªºwz½o:d9mpdo·vyyoz©z©
O∞
stSd9nvd~;mqz©"x}m:mpz}xlqdVmp~x{o:m
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<α,X 8 % <X  Z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$   = !)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 2;




























P∞ = α(α − 3)(α − 1)(α +
3)(α + 1)
¸Ídond;voqdtOk









rº;;uoqa;oImpknmpoqdc S awmhvwmoOoº;z{oqdl~ctSdv¬w:drxl:vlvo:m.v¥«yddrya ]αi, αi+1[, i = 0..3vyrÁydr|O~z©«¥x©dOoqx©kÁ¬ v·dVa
i = 0 . . . 3
Áyoqadmpknmpoqdc8m S ∪{α = γ} a;Î«yd9"vy;moOo·l~cutwdr·v¬(:drx:vlvom ∀γ ∈]αi, αi+1[ ¸QgFvyqdrv¥«dVÁnz{oªa;msº;z{oqd"l~cutwdrªv¬:drxÍ:vOvo:m¬ vy α = 2 mpz©;d 2 z}m9;vos:drx(qvlvov¬
P∞
¸
mFndrm::z{tSdr z{ mpdV/o:z{vy$¸IHÃ;$vnz©_oqv `adrv:dc HÁvdµdrdrmo:vÄSdq¬ v:coqad
¬ vyx{x©v¥»Qz©o»v8vycs;~no:oqz©v;mo:vs;qv¥«ydªo:ad"`advyqdrc  
	 ¬ v i = 0 . . . 3 ÁAo:Edlk¥o:z{vy;x.l~ctSd βi ∈]αi, αi+1[ w[vy~Ooo:adul~cutwdrv¬·:drxqvlvo:m8v¬ S ∪ {α = βi 
 »Qaz©a z}m8o:ad¨v;mpo:yol~cutwdr v¬h:drx9qvlvo:m8v¬x{xmpknmpoqdc8m
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 HÎ
	 ¬ vQdVa αi Á i = 0 . . . 3 Ámqvx©«dhoqadmqknmo:dc S ∪ {α = αi} ¸
L´Fo:aduº;:mpormqdÁSvd";ddr;m9o:vmqvx©«dmqknmo:dc8m9»Qz{oqa¨º;z{oqduO~;ctSdhv¬·vyc3x{dÀ:vlvomªw














S1 = {α = 1, g = 0, f > 0, g ∈ E ′, f ∈ F}, S2 = {α =


















βi, g = 0, f > 0, g ∈ E ′, f ∈ F}, i = 0..3
; {α = αi, g = 0, f > 0, g ∈ E ′, f ∈ F}, i = 0 . . . 3 ¸ªx©klz{oqadhx©vyqz{oqac¿ndVmqqz©twdV8z© mpdV/o:z{vy ¸Ùn¸ nÁO»¼dZEO;v¥»Äo:a;¥o¼oqadmqklmpoqdrc ¯ HPO²Ix©»Îklm·a;m
	 uqdVx(:vOvo:m¬ vy α ∈]0, 1[ Áw












X1 > X2 > X3 > X4
»Qaz©avOoz©;mIo:adªSvx©klvc3z}x
(12X44 − 4X24 + 1)(X4−X3)(X4 + X3)
¸
enz{;d
12X44 − 4X24 + 1
a;ymhv:drx
:vlvomÁ(x©xnc3z}mqmqz©tx{dsmpvyx{~oqz©v;mh«drqz{¬ k












Qz{ X2−X1 Á X4−X3 w 3X24−1o:voqadmpknmpoqdcÁoqad9x©dÀnz}vyaz}QÏhqÐytdrt;mqz©mIz©mIoqadr {X1−X2, 3X22 −1, X4−X3, 3X24 −1}; oqadvyx{knc3z}mqmqz{t;x{dmqvx©~noqz©v¬ v
α = 3
z©mo:al~;m





{α = 2, g = 0, g ∈ E ′} z©m@Vdrqv³±z{c3dwmpz©v;xM¸µ9;x{klz©¨o:adx©v:z{oqacÅndrm::z©twdV z©­mpdV/o:z{vy;¸ ¸ lÁ;vd"rº;;oqaw¥o9z{o9a;mvyx{kvdmqvx©~noqz©v»Qz{oqaFx©xÍSvymqz½o:z{«ydvlvnz©;¥o:drmrÁO»Qa;z©az}moqal~;m






X1 > X2 > X3 > X4
Ávydv¬6o:adSvx©kO;vc3z©x©mz©oqadtwmqz©mz}m
(2 X4 + 1) (2 X4 − 1)
(
6 X4
2 + 6 X4 + 1
) (
6 X4
2 − 6 X4 + 1
) (
3 X3








3X23 − 2 + 3X23 = 0
qd;ddrµo:vv;mqz©dumqz©;d8o:ad voqadrumq~t;mqknmo:dc8mawÎ«dx©drqx©k
;vcsz}m:mpz©tx©dmqvx©~noqz©v;mr¸ÃgFv:dv¥«ydVÁ
vydr­adV Eµoqa;ostSvo:aÄmqklmpoqdrc8m {α = 1, 2X4 − 1 =
0, g = 0, g ∈ E ′} ; {α = 1, 6X24 − 6X4 + 1 = 0, g = 0, g ∈ E ′}
a;Î«yd3º;;z½o:dl~ctSd"v¬
mqvx©~no:z{vy;m¸2L´µvndrªo:vmqz{c3x©z{¬ kFoqad8mpoq~;kÁ(»dsvc3~no:duo:adz©qvlvo:m»Qz½o:aµ~z}|O~d8mpknmpoqdc v¬
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3X23 − 2 + 3X24 = 0
Á¼»¼dvycs;~noqd
Ãx©dÀnz}vyaz}FÏhqÐytdrt;mqz}m»Qz{oqa
X1 > X2 > X3 > X4
¸ L±ovOo:z{;m8oqadwvyx{klvycsz}x











(x − z) oqvFo:ad mqklmpoqdrc¸[
z©;x{x©kÁz{ X2 − X4 w X1 − X3 oqv[oqad mqknmo:dcÁ.oqadx©dÀnz}vyaz}"Ïh:Ðtdrtwmqz©mªz©m {X1 −X3, X2 −X4, 3X23 − 2 + 3X24}
¸h`ad3mqklmpoqdrcÂa;mªoqal~;m
z©nº;;z½o:dO~;ctSd9v¬.mqvx©~noqz©v;m {X1 = X3, X2 = X4, X3 =
√
2−3X24










































3 (4− α)g∗11g12 0 0
(4− α)g11g∗12 2+α3 0 0
0 0 2+α3 (−4 + α)g∗11g12









































































































































































































































α ∈]0, 1[ ¸Ãelz©;d o:adrmqd twadrmu:d vy z{Oo:dmpdV/oqz©µ; vOoqz©l~v~wmÁvydhº;moQmpa;v¥»9m·o:a;¥o
∆4
a;ymvwmoOo9mpz©tOk qv¥«lz©uoqa;oz{o9dr«d«¥;z©mqadrm  tlk vc3~no:z{
ÏhqÐytdut;mqz}m"v¬ {∆4, E ′} Á.»Qa;d:d E ′ z©moqa;dmqdouv¬Qwvyx{klvycsz}x}mdº;z©¨oqaddr|O~;¥o:z{vy;m"v¬¯-HPy²ª¬ vyhtx©vl Evy:ndrqz©dx©z{c3z©;¥o:z{x©x.oqads«¥:z©tx©drmt~no
α
¯ämqdd3mpdV/oqz©vµ¸Ùn¸Ù²/Á(vydsdom
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α ∈]0, 1[ ¸






































0 < α < 1
Á








i(n + 1) =
Ê







































0.6831 + 0.0164 0.6124 + 0.0576
0.0928 + 0.1901 0.6085 + 0.3676







0.7176 + 0.4544 0.6927 + 0.4418 0.0841 + 0.3533
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